and estrogen receptor, whereas the pure parent compound has no hormonal activities in vitro.
INTRODUCTION
Methoxychlor [MXC; 1,1,1-trichloro-2,2-bis(4-methoxyphenyl)ethane], a chlorinated hydrocarbon pesticide, is substituted for banned dichlorodiphenyltrichloroethane (DDT). Despite the relatively low toxicity in the acute phase (LD 50 : approximately 6 g/ kg in rodent), it elicits reproductive toxicity in animals: Effect such as accelerated female pubertal development, delayed male pubertal development and reduced testosterone biosynthesis in male leydig cells were found in rodents. [1] [2] [3] [4] [5] Many studies have reported that phenolic metabolites of MXC are produced by hepatic cytochrome P450 monooxygenases (CYP), and MXC metabolites, mono-and bisdemethylated derivatives, show estrogenic and antiandrogenic activities by interacting with androgen *To whom correspondence should be addressed: Laboratory of Environmental Biochemistry, Graduate School of Pharmaceutical Sciences, Osaka University, 1-6 Yamada-oka, Suita, Osaka 565-0871, Japan. Tel.: +81-6-6879-8240; Fax: +81-6-6879-8244; E-mail: nisihara@phs.osaka-u.ac.jp products were electrophoresed and the amount of each separated band was quantified densitometrically using the public domain NIH Image Program version 1.60. Analysis of Methoxychlor Metabolites by HPLC and EI-MS ---Incubation mixtures contained 10 pmol each CYP protein, 100 µM MXC, 1.3 mM NADP+, 3.3 mM glucose-6-phosphate, 3.3 mM MgCl 2 and 0.4 U/ml glucose-6-phosphate dehydrogenase in 100 mM potassium phosphate buffer (pH7.4) to give a final volume of 0.5 ml. After the 0 or 60 min incubation period, the reaction was terminated by the addition of 200 µl ice-cold ethyl acetate and the aqueous phase was extracted with 200 µl ethyl acetate. Metabolites were then analyzed by UV-HPLC and EI-MS.
RESULTS AND DISCUSSION
MXC has been found to elicit reproductive toxicity in both male and female rats. 4, 5) First, we administered MXC to male rats for 7 days and investigated the effects, especially in the reproductive organs. MXC caused atrophy of reproductive organs, such as seminal vesicles and prostates, compared to the control group (Table 1) . These results were consistent with the previous report. 1) Although the final total body weight was decreased, daily food consumption was not significantly different and the clinical tests showed no signs of general systematic toxicity (data not shown). The atrophy of reproductive organs can be characterized as estrogenic and antiandrogenic action of MXC.
The phenolic metabolites of MXC ( Fig. 1) , mono-and bis-demethylated derivatives, have estrogenic and anti-androgenic activity, despite the parent compounds not having any hormonal activity. [6] [7] [8] [9] [10] Although it has been reported that MXC induces CYP2B and 3A, 11) it remains to be elucidated whether these enzymes produce such phenolic metabolites. Thus, we analyzed the expression pattern of CYP species in response to administration of MXC. After 7 consecutive treatments, the liver was removed and RNA was isolated for competitive RT-PCR assay.
As shown in Fig. 2 , CYP2C11 mRNA increased in a dose-dependent manner as well as CYP2B1/2 and 3A1. On the other hand, CYP1A1 mRNA was not detected, and CYP1A2 and CYP4A1 mRNA levels were not changed in this condition (data not shown). The CYP2C11 mRNA level at the highest dose group was almost equal to that in the control group. Our findings suggested that accumulated metabolites of MXC interfered with the induction of CYP2C11 mRNA. Androgens increase the CYP2C11 level and estrogens suppress the expression level, 12) and metabolites of MXC show antiandrogenic and estrogenic activity.
After the incubation of MXC in a reconstituted system containing each CYP species, the reaction mixtures were analyzed by UV-HPLC. As a result of HPLC analysis, two additional peaks, M1 and M2, were eluted at 14 and 18 min from the reaction mixture with CYP2C11 (Fig. 3A) . However, no novel peaks were observed in chromatograms with CYP2B1 and CYP3A1 (data not shown). Additionally, when MXC was incubated with normal rat liver microsomes, major metabolites corresponded with No. 3
Fig. 2. Effect of Methoxychlor on Expression Pattern of CYP2B1/2, CYP2C11 and CYP3A1 mRNA in Rat Liver
Rats were orally administered 50, 100 or 250 mg/kg/day methoxychlor in corn oil or vehicle alone for 7 days. The amount of CYP mRNA were calculated from densitometrically and normalized by cyclophilin. Values represent means ± S.E. of 5-6 rats (separated RNA isolation and RT-PCR reactions per rat) *p < 0.05, **p < 0.01 Dunnett's multiple comparison. M1 and M2 produced by the CYP2C11 (data not shown). These two metabolites were isolated by TLC and then applied to EI-MS. The base peak of MXC was detected at m/z 227 consistent with loss of trichlorinated methyl group (data not shown). Mass spectra showed that the ions with the highest abundant of each metabolite were at m/z 199 and 213 (Fig. 3B) . Therefore, M1 and M2 were identified as bis-and mono-demethylated metabolite, respectively.
The expression of the CYP2C11 is sexually predominant in male rats, but it has been demonstrated that dexamethasone, lindane, oxandrolone and phenytoin also induce CYP2C11 in female rats, 12, 13) suggesting that MXCis converted into phenolic metabolites through CYP2C11 in both males and females.
These findings suggest that MXC is converted into estrogenic and anti-androgenic phenolic metabolites by the CYP2C11, not by the CYP2B and 3A1, which is induced by MXC itself. Accordingly, MXC accelerates the conversion of itself into hormonally active metabolites, leading to disturbance of the endocrine system.
